Supplementary Figures and Legends
The Drosophila family18 members, used RNAi stocks and knockdown expression effects. (a) Schematic drawings of the glycosylhydrolase family18 indicate the Glyco18 domains (blue), Nterminal Signal-Peptides (Signal-P, purple), transmembrane domains (TM, green) and chitinbinding domains (CBD2, red). The Drosophila family18 contains ten genes encoding the Chitinase (Cht) and six genes encoding the Imaginal disks growth factor (Idgf) proteins. The diagram illustrates that Chts contain individual and Idgfs common domain arrangements. Cht1, 3 . These data supplement our knockdown screen. It is of note that the knockdown strategy with Vienna RNAi stocks resulted in efficient reduction of transcript levels. (c,d) The 69B-Gal4 drives embryonic and larval RFP expression in cuticle forming epithelia such as the epidermis (ep), head skeleton (hs), parts of the digestive system (foregut, fg; hindgut, hg), posterior spiracles (psp) and tracheal system (ts). (e) The quantitative RT-PCR analysis compares relative expression levels of Chts between wt and knockdown first instar larvae. Progeny of crosses from individual UAS-RNAi lines with 69B-Gal4 which showed severe epidermal cuticle defects (Figures 1,2) and reduction of expression levels upon Cht2, Cht5, Cht7, Cht9 and Cht12 as well as idgf1, idgf3, idgf4, idgf5, idgf6 knockdown. Standard deviation bars are indicated. The analysis shows fold expression levels normalized to wt (1 = 100%). (f,g) Lethality of animals upon UAS-RNAi-mediated knockdown of Cht (f) and idgf (g) genes using the 69B-Gal4 driver line. Individual knockdown animals (n≥100) were monitored for twelve days after egg laying, which is an adequate time period to analyze embryogenesis, larval stages, pupal development and early adulthood. In summary, this assay showed lethality during larval and pupal stages for individual knockdown of all tested Drosophila Chts/idgfs, with variability in the phenotypical severity, while wt and 69B-Gal4 control animals survived until adulthood. The highest lethality was caused by the Cht2 and idgf6 knockdowns during larval stages.
Spatial-temporal gene expression profiles of Cht and idgf genes. (a, b)
Transcription levels of chitinase (a) and idgf (b) genes relative to first instar larvae. Most Cht genes are constantly expressed throughout larval stages. The Cht9 gene is up-regulated at second instar, which matches its specific requirement for molting into third instar. The Cht12 gene is more strongly expressed during larval stages and mutants showed only larval molting defects. The Cht2,5,6,7 genes show strong up-regulation during pupal stages reflecting their involvement in pupal molting. Note that Cht5 expression was > 323 fold upregulated in pupae. It is of note that Cht8 and Cht11 gene expressions are enriched during pupal development, but pupal molting defects were not observed. The Cht11 gene product was discussed to be associated with mitochondrial functions for identification of critical infections 2 . The function of Cht8 remains unknown. Chts5,8,12 and idgf3 are specifically enriched in adult flies, and may take over their enzymatic function later on after development. (c-j) Stage 17 whole mount embryos were stained by in situ hybridization as previously described 3 with DIG-labeled RNA antisense (c-h) and sense (i,j) probes. The Cht2, Cht7, Cht12, idgf1, idgf3, idgf6 genes show mRNA expression in the cuticle producing organs, the mouth hooks (mh), the epidermis (ep), the tracheal system (ts) and the posterior spiracles (psp). Little expression is also detected in the foregut (fg). In contrast, the negative controls, the sense probes, did not detect expression. Fig. 5f -f''. Second instar larvae after immunogold-labeling but without using WGA. Scale bars represent 5 µm in B and 1 µm in a,c,d,e.
Cht2 is localized within the larval cuticle.
Immunofluorescent detection of Cht2 in the cuticle of wt third instar larvae by using Cht2 antibody serum and an anti-rabbit Cy-3 secondary antibody. The chitin-matrix and the apical surfaces were visualized by WGA (red). (a,b) Co-labeling studies (n=7 larvae) were performed with the Cht2 antibody serum (rabbit, green) shown as single image (a) or as confocal Z-stack projection (b). (c,d) As negative controls (n=7 each) the pre-immune serum (c) and the Cy-3 secondary antibody alone were used (d). Our preliminary data show representative Cht2 staining (a,b) within the cuticle (yellow arrow) and at the apical cell surface where the assembly zone is expected (white arrows). The epidermal cells underneath are indicated by the red arrows. The negative controls reveal no or very little signal in the cuticle (c, d). For comparison, all confocal settings were adjusted to similar settings (laser power, available gain functions, off set, pinhole size). Anti-Cht2 antibody was generated in rabbits (Pineda, Germany) against the peptide WDPQTSQVLAKSERN (amino acid 335 to 349). The peptide sequence is specific to all predicted Cht2 protein variants (see FlyBase) and did not show any cross-reactivity to other Drosophila proteins as tested by FlyBase and NCBI Blast search engines with stringent and less stringent matrices. For stainings the unpurified Cht2 antibody serum was used in a 1:1000 dilution. Contrast and brightness of images of original data were not changed afterwards. White dashes mark the apical cell surface. Scale bars indicate 10 µm.
Cht2 and Idgf6 amino acid sequence analysis shows non-conserved regions. (a)
The Cht2 C-terminal (a) and the Idgf6 N-terminal (b) amino acid sequences are not conserved in insects. Alignments compare amino acid sequences of Drosophila, mosquitos and other harmful insects. The amino acids marked in red are less conserved. Non conserved sequences are potential candidate target regions for a species specific insecticide. Drosophila melanogaster Cht2 (AAF47562.1); Pediculus humanis corporis (body louse, ectoparasite and transmitter of epidemic typhus; XP_002423089.1); Aedes aegypti (Cht2, XP_001657537.1; Idgf6, XP_001660748.1) and Anopheles gambiae (bacteria responsive protein2 (BRP2; AAS80138.1)). Blast search and alignments by NCBI database.
